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INVESTIGATION OF A l/22-SCALF: THE REPUBLIC F-105 

AlRPLANEINT&LANGlXY8-FOOTTRANSONIC TUNNEL 

STATIC, IQNGI'HJDINAL STABILITY AND C,ON'IROL AND PERFORMANCE 

CHARACTERISTICS AT TRANSONIC SPEEDS L. " 

By Arvo A. Luoma 

SWY 

',j 
1'. J  ; A comprehensive investigation of the aerod$nsmid'characteristics of 

v&.ous configurations,of a 1/22+sCale model of the Republic F-105 air- 
plane has been made in the L&gley ,8yfoot transonic tunnel at Mach num-. 

,:' bers from 0.60 to 1.13. 'All the configurations except wing-off config- 
urations were investigated with internal flow inthe model. The results 
of the initial phase of the investigation ere presented herein. These 
results include information of the static,longitudin$l stability and 
control characteristics of the model; on the effect of various config- 
uration modifications, on lift-drag ratio; on the effect'of subsonic end 
supersonic inlets and of external stores on the 'aerodynamic character- I' 
istics; and on the effect of area-distribution modifications (on the 
basis of the srea rule) on performance. 

No‘serious pitch-up difficulties were apparent at a constant Mach 
number. An afterbody bump reduced the zero-lift drag coefficient by 

,0.006 at Mach numbers near l;O andby 0.004 to 0.005 at a Mach number 
of 1.13. The lift-drag characteristics were improved by several config- 
uration modifications. I The effective downwash deriv&t.ive de/da decreased 
markedly at Mach numbersabove 0.93. 

INTRODUC-TION 

; i! ,An extensive windltunnel investigation of the aerodynamic character- 
istics of the Republic F-105 airplane has been made by the National 

id 'j 
1:: ---- / 
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Advisory Committee for Aeronautics at the request of the U. S. Air Force. 
A low-speed investigation of the static stability and control character- 
istics of a @.-scale model of the F-105 airplane was made in the Langley 
lg-foot pressure tunnel (refs. 1 and 2). A supersonic-speed investigation 
of the aerodynamic characteristics of a l/22-scale model of the F-105 air- 
plane was made in the Langley 4- by b-foot supersonic pressure tunnel 
(results of preliminary tests are given in ref. 3). A transonk-speed 
investigation of the performance and statLic longitudinal, lateral, and 
directional stability and control characteristics of the l/22-scale 
model of the F-105 airplane was made in the Langley 8-foot transonic 
tunnel. 

The results of the initial phase of the investigation in the Langley 
8-foot trsnsonic tunnel are presented herein. These results include 
.information on the static longitudinal stability characteristics; on the 
effectiveness of the horizontal tail and of the rudder; on the effect 
of leading-edge flaps, 
on lift-drag ratio; 

of inlet modifications, and of wing-tip extensions 
on the effect of subsonic and supersonic inlets and 

of external stores on the aerodynamic characteristics; and onthe effect 
of area-distribut,ion modifications (on the basis of the area rule) on 
performance. 

SYMBOL5 

axes, 
The aerodynkic force and moment data are referred to the stability 
tiith the origin at the center-of-gravity location shown in figure 1. 

This location coincided with the 25-percent point of the mean aerodynamic 
chord of.the,basic (A = 3.18) wing. All the data presented herein, 
including those for the configurations with the extended wing tips 
'(A = 3.69) and with the wing removed, were based on the plan-form dimen- 
sions of the basic wing. 

' The term tlcomplete model" as used herein refers to the combination 
of wing (including air inlets), body (including canopy), verticai tail, 
and horizontal tail. The symbols used are defined as follows: 

A 

b 

CD 

cDO 

aspect ratio of wing, b2/S 

span (projected.) of wing 

external drag coefficient, Zxternal drag 
qs 

zero-lift external drag coefficient 
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.cn 

c' 

ce 

cr 

Lift lift coefficient, - 
qs 

lateral-force coefficient, 'Lateral force 
qs 

Rolling moment rolling-moment coefficient, 
qa 

pitching-moment coefficient, Pitching moment 
qse 

yawing-moment coefficient,. Yawing moment 
qa 

mean aerodynsmic chord of wing, 

nominal.tip chord of wing, obtained by extending leading and 
-trailing edges of wing to plane which is perpendicular to chord 

plane of wing, parallel to root chord of wing, and tangent to 
tip of wing 

root, chord of wing, obtained by extending straight portions of 
leading and trailing edges of wing to plane of symmetry of model 

incidence of horizontal tail, determined by angle between plane 
of horizontal.tail and reference line of body; positive direc- 
tion when trailing edge is down 

(L/D)mm maximum value of lift-drag ratio 

M 

rn/mo 

9 

R 

S 

a 

Mach number of undisturbed stream 

inlet mass-flow ratio, measured by ratio of mass flow in,model, 
duct to mass flow through free-stream tube with area equal to 
inlet throat area (see table I for inlet throat areas) 

dynamic pressure of undisturbed stream 

Reynolds numbef of tests,, based on mean aerodynamic chord of 
basic wing 

area (project,ed) of wing, (b/2)(c, + ce) 

angle of attack of model, based on reference line of body 
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s control-surface deflection, measured in plane perpendicular to 
hinge line of control surface; positive direction when trailing 
edge is down in case of flaperon, when leading edge is up in 
case of leading-edge flaps, or when trailing edge is to the left 
in case of rudder 

j E effective downwash angle in region of horizontal tail, determined 
? from tests of complete model and complete model less horizontal , tail or from tests of complete model less wing and complete 

model less wing and,less horizontal tail 

‘A taper ratio Of wing, ‘Ce/Cr 

dCL 
'La da 

= -per degree 

dCL 
'Is, d6f 

= - per'degree 

% dCl = - per degree 
cf. daf 

I 

% 
dC2 = - perdegree 

,r d6r 

.,$ = 2 I’ per degree 
-t . . 

per degree 

den 
c=f a&f = - per degree 

dCn 
'Br d6, 

= -per degree 
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dCY 
%, = z per degree 

f 

- 5 

cys, = > per degree 
r 

Subscripts: 

f value for flaperon 
I , n value for leading-edge flaps 

r value for rudder 
/ 

A 
B 
4 
,y' 
1' 

APPARAWS 

Tunnel 

1 k The tests were'made in the Langley 8-foot transonic tunnel. This 
tunnel operates at a stagnation pressure approximately equal to atmos- 
pheric pressure. 

Model 

Basic model.- The model used in the present investigation was a 
sting-supported,. l/22-scale model of the Republic F-105 airplane. This 
airplane is of the fighter-bomber type and is designed for supersonic 
flight. The airplane is turbojet powered, and has wing-root air inlets. 

1 The wing and tail surfaces have 45O of sweepback.' The airfoil sections 
(parallel to the body reference line) of the wing are NACA 65AO05.5 at 

I the 0.3&b/2 station and NACA 65AO03.7 at the tip. The basic, model is ' 
I shown in figure 1, snd the geometric characteristics are given in table I. 

The model was designed for internal flow. Ducting from the wing- 
root inlets led into a single duct which'had an exit at the body base. 
A supersonic inlet and a transonic inlet were tested on the model and - these are shown in figure 2. Boundary-lsyer diverters were used with 
both inlets. The supersonic inlet had two interchangeable throats: one 
for the high-speed condition and one for the cruise condition. ' The area 
of the throat for the cruise condition was 25 percent greater than that 
for the high-speed condition. The throat areas of.the inlets (scaled 
down from full-scale values) are given in table I and the duct exit areas 
used with the various inlets are given in figure 3. The duct exit area 
could be changed by replacement of a bushing.at the end'of the body. 
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The dimensions and iocation on the basic wing of leading-edge flaps 
and a single flaperon (located on right-wing panel) are shown in figure 4. 
The dimensions and location of pylon-mounted wing tanks (2) sre shown in 
figure 5. The'fineness ratio of the tanks was 7.65. The thickness ratio 
of the pylons was 0.06. 

Area-rule modifications.- The longitudinal distributions of normal 
cross-sectional area of the complete model with the supersonic inlet 
(cruise condition) with and without modifications are shown in figure 6(a). 

/' An area of 1.40 square inches, which corresponded to 90 percent of the 
inlet area of the supersonic inlet (cruise condition), was subtracted 
from the area plots to compensate for-the internal flow in the model. 

I Various body modifications were msde to improve the area distribution; 
I these included's long nose, a modified canopy;an M = 1 afterbody bump, 

and a modified M = 1 afterbody bump. The contours of the modifications 
i are shown in figure 6(b). Photographs of the modified canopy, the 

i 
M= 1 bump, and the modified M = 1. bump are shown as figures 6(c), 
6(d), snd G(e),'respectiveI.y. The M= 1 bump was modified (essentially 
by eye) into the modified M = 1 bump in an attempt to improve the 
supersonic drag characteristics. 

Modifications for improving (L/D),, characteristics.- Various 
configuration modificationswere msde- on the model with the supersonic 

:, inlet (cruise condition) in an attempt to improve the lift-drag character- 
istics , particularly at the cruising Mach number of approximately 0.9 
of the F-105 airplane., These modifications are enumerated as follows. 

, The wing tips together with the leading-edge flaps were extended spanwise 
as shown in figure 7; the ,geometric characteristics of this modified wing 
are given in table I. The wing-inlet fairing (designated as wing modi- 
fications 2 and 3 of table II) was revised as showq in figures 7 and 6(e). 
The supersonic inlet (cruise condition) was drooped -5’. The drooped 
inlet was obtained by cutting the undrooped supersonic inlet (cruise 
condition) along a lateral plane located closely ahead of the leading 
edge of the wing and then drooping the inlet ,-5’ about an axis at the 
bottom of the cut. The location of the droop axis and a cross section 
'of the drooped'inlet'are shown in figure 2. !l$e.drooped inlet is included 
in the configurations shown in figures 6(c)? 6(d), snd 6(e). 

The wing on the F-105 airplane has a small amount of negative camber 
in the region of the inlets as a result of a buildup of the lower surface 
to accommodate the landing gear. The major portion of the model tests 
w;as made with the wing tin this condition. For two test runs, the model 
wing in the region of the inlets was modified into a symmetrical section 
by building up the upper surface of the wing. This modification is 
designated as wing modification 1 (table II). The radius of the upper 
lip and the contour of the upper surface (adjacent to the lip) of the 
drooped supersonic inlet '(cruise condition) were reshaped slightly, and 
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some refairing was made on the external lower surface of the inlet. This 
modification is designated as inlet modification 1 (table II). 

Instrumentation 

Balance.- A six-component strain-gage balance housed within the 
fuselage was used for determining the overall forces and moments on the 
model. 

Pressure instrumentation.- Two static-pressure orifices were located 
within the chamber surrounding the strain-gage balance and two others on 
the sides of the sting adjacent to the base of the body. A rake, attached 
to the sting, was used at the duct exit"for mass-flow and internal-drag 
determinations. The'rake consisted of 2 static-pressure tubes and of 
either 12 total-pressure tubes for the configurations with the transonic 
inlet and the supersonic inlet (high-speed condition) or of 16 rtotal- 
pressure tubes for the configurations with the supersonic inlet (cruise 
condition). 

Angle-of-attack indicator.- A strain-gage, pendulum-type attitude 
transmitter was used for getting the no-load angle,of attack of the model. 
The attitude transmitter was housed in the extension of the model sting 

'and was located approximately 61 inches downstream of, the model center- 
of-gravity location. Flexibility under aerodynamic load of the balance, 
model sting,' and sting extension between the model and the attitude 
transmitter required a correction to the reading of the attitude trans- 
mitter to obtain the model angle of attack. 

MRTRCDS 

Test Configurations~ and Procedure 

The identification number'and description of the configurations 
tested and a listing of the control deflections are given in table II. 
Mostof the configurations included the supersonic inlet (cruise condi- 
tion), either drooped or undrooped. All the tests were made with the 
model in the smooth condition., All the configurations were investigated 
through an angle-of-attack:range.at generallyeight or nine Mach numbers 
from 0.60 to 1.13. The angle-of-attack range vsried from approximately 
-2' to 16’ at the lowest Mach number to -2' to 9' at the highest Mach 
number. The angle of sideslip was 0'. The average Reynolds number of 
the investigation is shown plotted against Mach number in figure 8. 

All the configurations except the wing-off configurations were inves- 
\ tigated with internal flow in the'model. No attempt was made to regulate 

the internal mass flow for a given configuration. 

\ .  -&,r 
- ‘;I-. ‘- 
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Measurement of Overall Forces and Moments 

The overall aerodynamic forces snd moments of the various,config- 
urations were determined from strain-gage readings. The mass-flow rake 
was detached from the sting during these measurements. 

Internal-Flow Measurements 

The static pressure in the chamber surrounding the strain-gage 
balance and at the sides of the sting at the body base was measured for 
all configurations. 

The internal mass flow and internal drag were measured for three . configurations. These ,configurations consisted of the complete model at 
a horizontal-tail incidence of -3’ equipped with the transonic inlet, 
the supersonic inlet (high-speed condition), and the undrooped supersonic 
inlet (cruise condition), and are listed as configurations 1, 4, end 5 
in table II. Internal-flow data were obtained through the angle-of- 
attack and Mach number ranges of the investigation. The mass-flow snd 
internal-drag measurements were made separately from the force and moment 
measurements. 

CORFUZCTIONS ANLi ACCURACY 

Pressure Correction to Drag 

No internal flow in model.- The drag coefficient CD of the wing- 
off configurations, which had no internal flow in the model, has been 
adjusted for the difference between the actual measured static pressure 
'at the base of the body and that in'the undisturbed stream, so that the 
drag coefficient' CD corresponds to a static pressure at the base of 

'the body equal to that of the undisturbed stream.. 

Internal flow in model.- The external,drag coefficient CD of the 
configurations 'with internal flow in the model includes corrections for 
the internal drag coefficient and for the deviation from the free-stream 
value of the static pressure in the balance chamber and at the rim of 
the'body,base. The same correction for internal drag was used for all 
configurations equipped with the same inlet. 

No corrections were included herein for the effects of internal 
flow on lift, pitching-moment, rolling-moment, yawing-moment, and lateral- 
force coefficients. The maximum effect of internal flow on lift coeffi- 
cient occurred at the highest angles of attack end amounted to only 0.005. 

- - 
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Tunnel-Boundary Interference 

Subsonic Mach numbers.- At subsonic Mach numbers, the interference 
* effects of a tunnel boundary on the flow over a model in the test region 
i near the center line of a tunnel have been made negligible by means of 

a slotted test section (ref. 4). 
I 

Supersonic Mach numbers.- Data are presented herein at supersonic 
Mach numbers of 1.03 and 1.13. Boundary interference (tunnel-boundary- 

1 reflected compression and expansion disturbances)'on the data at a Mach, . . 
I , number of 1.03 was probably small and is believed to have been confined 

primarily to affecting the drag data. No data are presented herein 

/ 
between Mach numbers of 1.03 and 1.13, where the effects of boundary 
interference ms$have been large. It is believed that the data at a 

! I Mach number of 1.13 were not significantly affected by boundary 
i interference. F .' (? No corrections have been made to the data'for tunnel-boundary inter- '. 

i ference except to the extent of the partial correction for tunnel-boundary 
J. interference inherent in the base-pressure correction, which was made by 

1 ':using the actual measured value of base static pressure. 

Sting-Interference Corrections 

.No sting-interference corrections have been made to the data except 
to the extent of the partial correction for sting interference,inherent 
in the base pressure correction, which was msde by using the actual meas- 
ured value of base static pressure. 

Precision of Data 

(‘ 
r' 

The estimated accuracy of the data based primarily on the repeat- 

I 
i 

.ability of the data was as follows: 

5 CL . c. . ., . . . :. . . . ., . . . . '. . .,. . . . . . . . . . i-o.01 
CD. . . :. i ,... . . . . . . :. . . . . . . . ., ., . ., . . ; . 32. ooij 
cm.............................. ?a. 003 

io.0003 c~......‘...‘................... +ooo*’ 
Cn........................... . . . _. 
qy ‘. . . . . . . . . . . . . . . * . * . . . . . . ., . . . . . W.002 
u,deg............................ +C.1 

1 M . . . . . . . . . . . . . . . . . . . . . . . . ..T... 20.003- 
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RESULTS AND DISCUSSION 

Presentation of Results 

Basic force and moment results.- The basic force and moment results 
for the various configurations are presented in figures 9 to 39. An 

i’ index of these figures together with the identification number and descrip- 
tion of,the configurations and a listing of the control deflections are 
given in table II. Horizontal-tail incidences are included in the titles 

i of the basic figures; other control deflections are included in the titles 
'of the basic figures only when the deflections were different from O". 

’ 

I 
3 

I 

The inlet mass-flow ratio m/m, (based on inlet throat areas; see 
table I for area values) was approximately 0.90 for all inlets at most of 
the test conditions (data not p,resented herein). The inlet mass-flow 
ratio at $ given Mach number decreased at the highest angles of attack; 
for exsmple,'the decrease amounted to approximately 20 percent at an angle 
of attack of 17' at a Mach,number of o .60: The inlet mass-flow ratio at 
a given angle of attack generally'varied only slightly with change in 
Mach number. The actual mass .flow in the configurations with the tran- 
sonic inlet and the supersonic inlet (high-speed condition) was #less than 
that in the configurations with the supersonic inlet (cruise condition) 
because of the smaller inlet throat areas of the transonic inlet::and the 
supersonic inlet (high-speed condition). See table I for inlet areas. 

Summary force and moment results.- Surmnary plots derived from the 
basic force and moment data are shown in figures 40 to 55. An index of 
'these plots is given in table III. Control deflections are included in 
the titles of the summary figures only when the deflections were differ- 
ent from 0'. 

, 

3 
The trim data of figure 42 and the neutral-point-location data of 

figure.43 were worked up from the basic results for configurations 5, 6, 
[ i and 11. The effective downwash data,of figures.34 and 55 for the model.. b 
f with the supersonic inlet (cruise condition) were determined from the 

basic results for configurations 5 to 9 and 11. Configuration 11 included 
wing modification 1 (see table II) .vhich was not present on configura- 
tions 5 to 9. The effect of this configuration difference, however, was 
indicated by a comparison of the results for configurations 5 knd 10 to 
be small. The effective downwash data for the model with the transonic 
inlet were determined from the results for configurations 1 to 3, ani( 
for the complete model less wing from the results for configurations 27 
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( Lift Characteristics 

An increase in lift-curve slope with increase in angle of attack at 
moderate angles of attack was characteristic of all configurations tested. 
The lift,-curve slope CL is presented herein at lift coefficients of 0 
and 0.4, snd is the average value from O.lbelow to 0.1 above the speci- 
fied lift coefficient. The variation of lift-curve slope with Mach num- 
ber was generally characterized by a small 'Lbucketl( type of variation at 
Mach numbers near 1.0, particularly at lifting conditions (fig. 40, for 
example). This type of variation has been shown by other investigations 
(refs. 5 and 6, for example). 

Most of the configuration modifications for which comparisons sre .' 
shown in' the summary plots had less-than 5-percent.effect on lift-curve 
slope. !lj'he leading-edge flaps (fig. 45) and the M = 1 bump added to 
configuration 1. (fig. 49) ,increased the lift-curve slope by approximately 
8 percent at a lift coefficient of 0 at transonic Mach numbers. The addi- 
tion of the M = 1 bump to configuration 14 made the variation of lift 
coefficient with angle'of attack more nearly linear at transonic Mach 
numbers (figs 22(a) and 27(a)). The wing-tip extensions increased the 
lift-curve slope by approximately 15 percent at a lift coefficient of 0 
(fig. 51); based on true wing areas, hoyever, the increase amounted to 
approximately 8 percent. 

Pitching-Moment Characteristics 

The variation of pitching-moment coefficient with lift coefficient 
was generally nonlinear for the various configurations tested. The 
pitching-moment derivative CmC is shown herein at lift coefficients 

L 1 of 0 and 0.4, and is the average value from O.l,below to 0.1 above the 

1 
specified lift coefficient. 

Pitch-up tendencies.- The variation, of pitching-moment coefficient 
with lift 'coefficient for the complete model less horizontal tail became 
unstable at the higher lift coefficients at all test Mach numbers except 
1.13 (f2gs. 11(a) and 17(a)). The lift coefficient at which the pitching 
mcanent became unstable at these higher lift coefficients varied from 
approximately 0.5 at a Mach number of 0.60 to approximately 0.7 at a 
Mach number of 1.03. Unstable variations of pitching-moment coefficient. 
with lift 'coefficient also occurred over a small range of lift coeffi- 
cients at several Mach numbers for some of the complete-model configura- 
tions, but at lift coefficients which were considerably out of trim 
(fig. 15, for example). No serious pitch-up difficulties were apparent 
for the complete model at a constant Mach number, although some decreases 
in stability, tending toward pitch-up characteristics, were evident at 
several Mach numbers (figs. 9 and 10, 13 snd 14). Furthermore, a tend- 
ency toward pitch-up characteristics exists during maneuvers at transonic 
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speeds where rapid speed decreases mey occur and where a decrease in 
Mach number normally results in a forward movement of the aerodynamic 
center as shown by the present results. The significance of such possi- 
ble pitch-up characteristics may be determined by calculations of the 
airplane motions by the methods of reference 7. These methods provide 
for the conversion of static nonlinear aerodynamic data into time his- 
tories of the longitudinalmotions of the airplane and afford a detailed 
treatment of the pitch-up problem. Consideration is given in reference 7 
to some of the factors which affect pitch-up behavior, such as pitching- 
moment variations with angle of attack and Mach number, rate snd amount 
,of control deflection, dynsmic pressure, airplane longitudinalmoment of 
inertia, and.aerodynsmic damping. 

Static longitudinal stability.- The derivative Cmc of the basic -- L 
complete model at a horizontal-tail incidence of -3' and at a lift cqef- 
ficient of 0 was approximately -0.l2 at Mach numbers up to 0.93, and 
increased in magnitude at transonic speeds to approximately -0.30 at a 
Mach number of 1.13 (fig. 40(a)). This increase in magnitude of the 
derivative 

.c"cL 
at transonic speeds corresponded to a rearward movement 

of the aerodynamic center from the 0.375 point to the 0.55Epoint. The 

c"cL 
-results of figure 40(b) indicated that the aerodynamic center of 

the complete model less horizontal'tail at a lift coefficient of 0 was 
at the 9.20E ,point at a Mach number of 0.60 and moved rearward with 
increase in Mach number to the 0.37E point at a Mach number of 1.13.' 
The complete model less horizontal tail had static longitudinal stability 
at Mach numbers greater than 0.91 at a lift coefficient of 0 and at all 
test Mach numbers at a lift coefficient of 0.4. 

Configuration modifications generally had small effect on the deriv- 
ative % L' 

The wing-tip extensions made the slope more negative by 
.- 

approximately 0.05 to 0.08 (fig. 51); based on true wing areas and dimen- 
sions, however, the changes were much less. Trim changes due to config- 
uration changes were also generally small. The largest trim changes 
occurred with addition of the pylon stores to the configuration, and 
amounted to a change of 0.02 in pitching-moment coefficient at transonic 
speeds (figs. 22(a) and 23(a)). 

Neutral point.- The stick-fixed neutral-point location of the model 
with the supersonic inlet (cruise condition) at a lift coefficient of 0 
was at the 0.36~ point at Mach numbers up to 0.90 and moved rearward at 
trsnsonic speeds to the O.$E,point at ,a Mach number'of 1.13 (fig. k3). 
Increasing the lift coefficient to 0.3 caused the neutral point to move 
rearward by an increment of approximately 0.06~. ' 

il 
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Horizontal-tail effectiveness.- The horizontal-tail effectiveness 
Gmit shown in figure 44 is the average value for horizontal-tail inci- 
dences from -3' to -8'. The horizontal-tail effectiveness is presented 
at constant angles of attack of 0' and 6' for the complete model with 
the transonic inlet, the complete model with the supersonic inlet (cruise 
condition), and the complete model less wing. 

The horizontal-tail effectiveness at an angle of attack of 0' 
increased by approximately 20 percent between Mach numbers of 0.60 and 
0.92, and then decreased at the higher Mach numbers (fig. 44). At an 
angle of attack of O", the horizontal-tail effectiveness at a Mach num- 
ber of 1.13 was essentially the same as that at a Mach number of 0.60. 
The 'effect of.,wing removal on horizontal-tail effectiveness was variable, 
and amounted to a maximum of approximately 10 'Ijercent at the angles of 
attack shown. The horizontal-tail effectiveness. at an angle of attack 
of 6O was lower than that at an angle of attack of 0' atMach numbers 
up to approximately 0.94, and was essentially the same at the higher 
Mach numbers. 

Zero-Lift Drag Characteristics 

Basic model.- The low-speed (M = 0.60) zero-lift drag coefficient 
of the basic complete model-at a horizontal-tail incidence of -3' was 
approximately 0.015 for all inlets (fig. 40(a)). The zero-lift drags of 
the basic model with the trsnsonic inlet and the supersonic inlet (high- 
speed condition) were the same at supersonic speeds. 

The zero-lift drag coefficient of the configuration with the super- 
sonic inlet (cruise condition) was less than that of the configuration 
with the.supersonic inlet (high-speed'condition) throughout the Mach 
number range. The decrementamounted to a maximum of. approximately 0.002 
which occurred at sup.ersonic Mach numbers (fig. 40(a)). 'The mass flow 
in the configuration with,the supersonic inlet (high-speed condition) 
was less than that in the configuration with the supersonic inlet (cruise 
condition). Generally, a reduction'in mass flow in a duct system with 
an inlet of the type investigated tiould be expected to result in an 
increase in external drag because of the additional spillage from the 
inlet. 

The zero-lift drag c,oefficient of the basic configuration with the 
supersonic inlet (cruise condition) was generally slightly less at trim 
conditions (fig. 42(b)) than at a fixed horizontal-tail incidence of -3' 
(fig. 40(a)). The horizontal-tail incidence corresponding to trim con- 
ditions at zero lift was near O", so that the drag contribution of the 
horizontal tail was less at trim conditi'ons. The incremental drag coef- 
ficient of the horizontal tail at en incidence of -3O was approximately 
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0.004 at supersonic Mach numbers and approximately one-half of this at 
the lowest speeds (figs. 40(a) and 40(b)). 

Effect of area-rule'modifications.- Addition of the -long nose to 
the basic configuration increased the fineness ratio of the equivalent 
body from 9.2 to 10.6, and reduced the zero-lift drag coefficient at 
supersonic,Mach numbers by approximately 0.002 (fig. 48) . . The zero-lift 
drag coefficient at the low subsonic Mach numbers was increased by approx- 
imately the same amount. The canopy modification reduced the zero-lift 
drag coefficient by,a small amount at Mach numbers near 1 and the differ- 
ences were slight and inconsistent at supersonic Mach numbers (fig. 49; 
configurations l4 and 17, and 19 and 18). Addition of the M = 1 bump 
reduced the zero-lift drag coefficient by 0.606 at Mach numbers near 1 
end from 0.004 to 0.005 at a Mach number of 1.13 (fig. 49; configura- 
tions 14 s.nd.l$Ij and 17' and 18). The M = 1 bump was modified in an 
attempt to improve the supersonic drag characteristics. This improvement 
was not realized at Mach numbers up to 1.13 (fig. 50). The present 
results showed that the greatest reductions in transonic drag occurred 
through improvement in the normal cross-sectional-area distribution rear- 
ward of the maximum area rather than through improvement forward of the 
maximum area. 

Effect of extended wing tips.- The extended wing tipsincreased the 
zero-lift,drag at subcritical speeds by a sma$l amount but 'had essentially 
no effect at trsnsonic speeds (fig. 51). The normal cross-,sectional-area 
distribution was improved slightly by the extended wing tips (fig. 6(a)). 
Based on true wing areas, the extended wing tips reduced the zero-lift 
drag coefficient throughout the Mach number range. 

Effect of pylon stores.- The pylon stores increased the zero-lift 
drag by 17 'percent at the lowest Mach number and by 35 percent at the 
highest Mach number (fig. 53). The pylon stores increased the maximum 
normal cross-sectional area of the basic model by 27 percent. 

Maximum Lift-Brag Ratio 

Basic model.- The maximum lift-drag ratio of the configuration with 
the supersonic inlet (cruise condition) at a horizontal-tail incidence 
of 73' varied from 9.0 at a Mach.number of 0.60 to 5.6 at a Mach number 
of 1.13 (fig. 40(a)). The maximum lift-drag ratio of the configuration 
with the supersonic inlet (cruise condition) at trim conditions was 
slightly more than that for the configuration at a horizontal-tail inci- 
dence of -3' at Mach numbers up to 0.93, and was less by approximately 0.5 
at supersonic speeds (figs. 42(c) and 40(a)). The horizontal-tail inci- 
dence required for trim at maximum lift-drag conditions was approximately 
-2.5' at Mach numbers up to 0.93 and increased at transonic speeds to 
approximately -7O at a Mach number of 1.13 (fig. 42(c)). 
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The effect of inlet design on (L/D),, was largest at Mach numbers 
near 0.9, amounting to an increment of 1.0 at a Mach number of 0.90 
between the configurations with the supersonic inlet (high-speed condition) 
and the transonic inlet, and was negligible at supersonic Mach numbers 
(fig. 40(a)). The lower zero-lift drag of the configuration with the 
supersonic inlet (cruise condition) at supersonic speeds was counterbal- 
anced by a higher drag due to lift .' 'so that there,was no,gain in (L/D)max- 

Configuration modifications which improved (L/D),&.- The config- 
uration modifications (made on the model with the supersonic iniet (cruise 
condition)) which resulted in a significant improvement in the maximum 
lift-drag ratio c,onsisted of deflection of the leading-edge flaps, the 
wing-tip extensions, the afterbody bump and modified canopy, inlet droop, 
and the inlet-wing juncture fairing (wing modification'2, table II). 

The leading-edge flaps at a deflection of -7.5' improved.the maximum 
lift-drag ratio at all Mach numbers (fig. 45). 
tion from -7.5' to -15' increased (L/D),, 

Increasing the flap deflec- 
'by a small amount at Mach 

numbers of 0.6 and 0.8 but actuallydecreased (L/D)m, at the higher 
Mach numbers. The flaps increased the makmumlift-drag ratio by approxi- 
mately1.2 at Mach numbers of 0.9 and less; 
0.4 atsupersonic speeds. 

the increase was approximately 

zero-lift drag.. 
As shown in figure 45, the flaps increased the 

The improvement in' (L/D),, resulted from 'the- lower 
drag-due-to-lift characteristics of the flapped configurations. The 
extended wing tips increased (L/D),, by approximately 1.0 at Mach 
'numbers up to 1.03. 
'of 1.13 (fig. 51). 

The increase was approximately 0.4 at a Mach number 
The improvement in (L/D),,, resulted from a reduc- 

tion in the d,rag force due to lift force of the configuration with the 
extended wing tips. 

: .1 
l 

The M = 1 bump increased the (L/D),,: of the basic configuration 
by,approximately 0.6 at Mach numbers near 1.0 and by approximately 0.4 
at supersonic Mach numbers (fig. 49; configurations 14 and 19); There 
was a loss in (L/D)m,, at Mach numbersof 0.9 ,and less ,due to'the 

,M'= 1 bump. The combination of the .M = 
increased,the ( L/D)ma,x 

1 'bump and the modified canopy 
of the basic configuration by approximately 1.3 

at Mach numbers near.l.0 (fig. 4.9; c&figurations 14 and .18). This gain 
was substantially greater than the sum of the individual contributions 
of the M = 1 bump and the,modified' canopy, 
ference effects with'the combination. 

indicating favorable'inter-. 

on ( L/D),, 
The effect of the combination 

at supersonic Mach numbers snd at Mach numbers of 0.90 and 
less was essentially the same as that of the M = 1 bump alone. The 

'configuration with the modified M = 1 bump gave ( L/D),& values which 
were the ssme'es those for the configuration with the M = 1 bump 
(fig. 5o)., 
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Inlet droop increased the maximum lift-drag ratio by approximately, 
0.6 at,Mach numbers of 0.9 and less (fig; 41). The 'increase was small 
at supersonic Mach numbers. The inlet-wing juncture fpiring (wing modi- 
fication 2, table II) increased 
numbers. from 0.90 to 0.99. 

(L/D)max by approximately 0.6 at Mach 

(fig. 52). 
The gain was small at supersonic Mach numbers 

Other configuration modifications .- Various configuration modifi- 
cations which resulted in no improvement in 
(L/D)m, 

(L/D),, or in a loss in 
are discussed in this section. Deflection of ,the single flap- 

erori from 0' to 5' decreased the maximum lift-drag ratio by approximately 
0,4 atMach,numbers up to 0.95 (fig. 46(a)). The decrementwas less at. 
the higher Mach numbers. An increase in zero-lift drag due to,the flap- 
eron deflection outweighed a reduction in drag due to lift resulting'from 
flaperon deflection. The long nose.had no effect on (L/D)msx at super- 
sonic speeds but decreased the ratio by,nearly 1.0 at the lowest test 
Mach numbers (fig. 48). The symmetrical buildup on the external upper 
surface of the wing in the region of the inlet (wing modification 1, 
table II) had no effect on (L/D),, characteristics. No comparison 
results are shoti herein'for the symmetrical buildup; the,basic data are 
presented in figures, Ii3 and 18. The pylon stores decreased (L/D),& 

?. 3. 
-by.approximately 1.0 at supersonic speeds and 1.7 at subsonic speeds "? 
,(f.ig. 53)- The inlet upper-lip-revision '(inlet modification 1, table II) 
showed no'gain in (L/D)&,. at supersonic speeds and at the lowest speed, 

,and actually a loss'in the Mach number range from approximately O.gO'to _, ; 
0.95 (fig. 52). 

.’ 

Flaperon and Rudder Characteristics 
i 

" I, Flaperon.- The,derivatives 
: 

,':,shown'in,' figures 46(b) t6 46(d) 
tions from O" to' 5".' 

are average values for flaperon'deflec- 

derivatives .c"sf 
The 'effect.of angle of attack was greatest on the 

and .c28f (figs. 46(b) &d 46(c)).. The deriva-, 

became.reversed (that is, changed sign) in the angle-of- 
attack range from 4.O to'7O at a Mach number of 0.90 (fig. 46(b)). An 
,increas.e in Mach number increasedthe extent of,the angle-of-attack range 
in which reversal occurred, until at Mach numbers of 0.97 and higher the 
derivative was reversed at ali test angles of attack. The deriva- 

became reversed at the highest angles of attack at Mach num- 

bers of 0.80 and 0.90 (fig. 46(c)). The effect of Mach number on the 
flap,eron derivatives at an angle of attack of O" was greatest on 
(fig. 46(d)). 

Cmo 
f, 
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Rudder.- The derivatives Cn&,, Ci8,, and %&, shown in fig- 

ures 47(b) to 47(c) are average values for rudder deflections from 0' 
to 50. The effect of angle of attack on the derivatives Cn and (3~ 

%- 
was slight; an increase in angle of attack reduced C2 6r (f:;.+(b)). 

The magnitude of the derivatives Cn and CY& decreased with increase 

in Mach number at Mach numbers above';.93 (fig. t?(c)). The'deriva- 
tive C 

'8, 
was essentially invarianlttiith change in Mach number. 

' 

Effective Downwash Characteristics .' 
The effective:downwash angle. (figs. 54 end 55) was determined at a 

given model angle of attack by finding the horizontal-tail'incidence at 
which the pitching:moment coefficient of the configuration including the 
horizontal tail was equal to that of the configuration less the horizontal 
tail. The sum of the horizontal-tail incidence thus found and the model 
angle of attack gave the effective downwash angie in the region of the 
horizontal 'tail. " 

The variation of effective downwash angle with angle of attack is 
shown in figure %.. The variation of the derivative de/da with Mach 
number is shown in figure.55. The derivatives shown are the average 
slopes for angles of attack from .O" to ho f or the complete model with 
the supersonic inlet (cruise condition) and for the complete model less 
wing, and for angles of attack from ho to 6’ for the complete model with 
the trensonic inlet. 

The variation with'fiach number of the effective downwash deriva- 
tiv,e, de/da was essentially the same for the complete model with the 
transonic and supersonic inlets (fig. 55’). There was ,a marked decrease 
in the effective downwash derivative at Mach numbers above approximately 
0.93,'reaching'a value of app,,roximately 0.25 at a Mach number of 1.13. 
The results of'reference 3 showed that the effective downwash derivative 
of the complete model at a Mach number of 2 was negative (effective 
upwash). I 

.' 
The effective dowwash derivative of the complete model less wing 

was negative throughout the Mach number range. The variation with Mach 
numberwas similar to that of the complete model, indicating that the 
flow field of the complete model in the region of the horizontal tail 
was strongly influenced by the flow field of the body alone (fig. 55): 
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CONCLUSIONS 

An investigation was made in the Langley 8-foot transonic tunnel 
of the static longitudinal stability and control and performance char- 
acteristics of various configurations of a l/22-scale model of the 
Republic F-105 airplane. The Mach number range of the tests was gener- 
ally from 0.60 to 1.13, and the Reynolds number based on the mean aero- 
dynamic chord of the wing was approximately 2 X 106. All the configura- 
tions except'wing-off configurations were investigated with internal 
flow in the model. The following conclusions are indicated: 

1. No serious pitch-up difficulties were apparent for the complete 
model at a constant Mach number, although some decreases in stability, 
tending toward pitch-up characteristics, were evident at several Mach 
numbers. The variation of pitching-moment coefficient with lift coef- 
ficient was unstable over a small range of lift coefficients for several 
of the complete-model configurations but at lift coefficients which were 
considerably out of trim. 

2. An afterbody bump to improve the area distribution reduced the 
zero-lift drag coefficient by 0.006 at Mach numbers near 1.0 and by 0.004 
to 0.005 at aMach number of'l.13. &creasing the fineness ratio from. 
9.2 to 10.6 by the addition of a long nose reduced the zero-lift drag 
coefficient at supersonic Mach numbers by approximately 0.002. 

3. Significant improvement in maximum lift-drag characteristics 
resulted from deflection of wing leading-edge flaps, extension of wing 
tips, addition of an afterbody bump and a canopy modification, inlet 
droop, and a revised inlet-wing juncture fairing. 

4. The effective downwash derivative de/da of the complete model 
decreased markedlyat Mach numbers greater than 0.93. The effective 
downwash,characteristics of the complete model appeared to be strongly 
modified by the effective downwash,characteristics of the body alone, 
which had an effective downwash derivative that was negative (effective 
upwash) 'throughout the Mach number range. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Ar-vo A. Luoma 
Aeronautical Research Scientist 
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TABLE I.- mI!Z CRARACIWE~CS OF 1/22scAIE MODEL OF REPURIXC F-105 AIRPLUVB 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32.830 
Body (basic): 

Length, in. . 
MBximmwidt~,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Maximmdepth(excl.uding canopy), in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.387 
3.546 

Frontal area (including canopy), sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0510 
Side area(incluaing campy), sqft d . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Volume (including campy), tuft . .'. . . . . . . . . . . . . . . .: . . . . . . . . . . . . 

Ftienemratio(PEme$.......... - . . . . . . . . . . . . . . . . . . . . . 10.7 

Frontal' area 
Wing (basic) area 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0643 

Total ba.se area 
Wing (basic) area 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0307 

Bcdy (long nose): 
Lf?ngth,in. . . . 
Maximnm width, in. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  . . . .  37.740 
. . . . . . . . . . . .  . . . . . . .  . ,  . . . . . . . . . . . . . . . . . . . .  2.387 

Maxinnnndepth (excluding canopy), in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.5J+6 
Frontal area (Including canopy), sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0510 

12.3 Fineness r"'o(P;~~). ; .,. .,. . . . . . . . . . . . . . . . . . . . . . . . . . . 

Fr&tal area wing basic) are* . . . . . . . . * . . . . . . . . . . . : . . . . . . . . . . . . . . . . . 0.0643 

Total base area wing (basic) areB . ,. . . . . . . . . . . . . . ., . . . . . . . . . . . i . . . . . . . . . . 0.0307 

Wing (basic): 
Airfoil section (parallel to bcdy reference line): 

At 0.38h/2 station ................................... 
Tip ....... 

XACA'65AOO5.5. 

Root chord cr, in. 
. ................................ ..mncA65Aoo3.7 
y .................................... 8.181 

Incidence of root chord with respect to bdy reference line, deg ............... 
Location of root chorci abwe bcdy reference l&e, in. .................... 0.62 
location of leading edge of root chord frcm no88 of basic body, in. 
Tipchordce,in. 
Spanb,in. ..... .... .... .... ...... ...... .... .... 

...... 
...... .. 

. . . . . . . . . . . . . . 

. .. . . . . . . . . . .. 
AreaS,sqft .... . ................................... 

19:0% 
0.794 

AspectratioA ........................................ 3.18 
Taperratio?, ............. . .......................... 
Meanaerodynmicchord,in. ................................. 
Iocation of mean aerodynamic chord above bcdy reference line, in. .............. : 0.358 
Location of leading edge of mean aerodymmic chord. from leding edge of root chord, in. ... 
Sweepback of projected 25-percent-chord line, deg ....................... 

~~Diheilre.l,deg ......................................... (-3.5 
Twist, deg ... .' ..... :., ................................... 0 
Leading-edge fla$s: 

Type .......... . . : L ................. : 
Area (two'flaps), sq ft 

............ Droopd~pldxl flap 

Span(onefL¶p),.in. .::::::I:::::::::::":::::::,:::::::: 
O.Ok72 

5.336 
Sweepbackathinge line . ; ........ ; ............ 
Chord(av~rage),in. ..:..................:.:...:::::::: 

490 q’ 26” 
.. 0.638 

Flaperon: 
!&-pe.........................'............. Trailing-edgeflap 
Area,sqft ........................................ 0.026 
span,in. ......................................... 2.507 

1. 
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TABIS I.- - ~~~1/22SCAIE~~OFRWIBLICF-105AZWULHE-Concluded 

Incidence of rwt chord with respect to bcdy reference line, deg .............. 
Ipcation of root chord above b&.y reference line, in. .................... 
Incation of Lxxung edge Of root chord fnnl nose of b.%3iC bcdy, in. ............ ll.758 
Tip chord c,, in. 
Bpanb,ti. 

...... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::: 

... 3.319 

Areas.8qft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... 
201.23; 

AspectretioA ..................... . .................. j.69 
Taperratioh ...................... :. < ............. .._I 0.406 
Memae~cchord.-in. ................................ 6.693 
Iacationofmem aeraayntnnic chord abwebodycenter line, ,.,I: ............... 0.335 
Location of leadine eQe of mean aeroaynamic chord Ron leading edge of root choti, in. .. 
Sweepback of projected 23-percent-chord line, deg ........... : .......... 
Mhedral.dep ..'. ..................... . ............... -3.5 
Twist, d&g : . . . . . . 
Leading-edge flaps: 

!Jype . . . . . . . . .' 
Area two mpa), sq ft 
span 1 one flap), in. . 
Sweepback at hinge line 
chord (average), in. . 

..... ; ...................... 

............................ 

....... . ..................... 

.............. . ............. 

............. . ... ..y ........ ............................ 
Fl@.pelWX 

Type ...................................... 
Area,aq.ft.....................; 

Traillng-edgeof~le 
.................. 

.spaIl,in. ........................................ 2:m 

Airfoil section (parallel to bcdy reference line): 
Root . . . . . . . . . . . . . . . . . . . . . . . . 
!cip....................,..... 

mot chord, in. . . . . * . . . . . . . . . . . . . . 
!rfpchord,in. . . . . . . . . . . . . . . . . . ..I 
span,in. ...................... 
Area ~total). *a f-t .................. 
Aspect ratio- . -. ................... 
Taper ratio. ..................... 
Mean aerodvnemic chord. in. ............. 
Location o> leading &e of mean aer~c chord. from 
Sweepback of 23-percent-chord line, deg . : ...... 
Dih.zdral,deg ..................... 
!lWet,deg ...................... 

................. 

................. 
y& 25s 

................... 

................... 
y& 

. 
................... 
................... 

‘,.0&J 
. 

................... 

................... O%$i 

.................... 3.m 
leading &e of root chord, in. .. 2.231 
................... 45 
................... 0 
................... 0 

verticaltail: 
Airfoil section (parallel to bwly refe&znce line): 

Exposed root (1.591 In. above body reference line) ................... liA!ZA 65Aoo6 
np..........................................MA6 5Aoo4 

Root chord (atbcdyreference line), in. .......................... 5.473 
Tip chord,in. .............. . ........................ 

to bcdy reference line), Fn. ... .:. ...................... ., .. 
tobody reference line), sqft ............................ 

ratio ~ti 1 .............. , ............... < .... 1.60 
\ Area I 

Taper ratio,. . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . . . . 0.365 
Meanaerodynamiccho~,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.003 
Location of leading edge ofmeanaercdynamic chord bon leeding &ge ofnotch‘& in. . . 2.887 
Lx&Son ofmean aerodynmic chord frmrootchord, in. ; . . . . . . . . . . . . . . . . . 2.51.4 

'Sveenbackof 2%eement-chord,,.ne,dea . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
R&d&: 

_ _ 

Q-ppe . . . . . . . . . . . . 
Chord (wernge), in. . . . . 
span, in. . . . . . . . . . 
Area (total), *q ft . . . . . 
Aspect ratio . . . . . . . . 
Sweepback of hinge line, deg 

. -  ... 

......................... 

......................... 

......................... 

......................... 

.................. r  ...... 

......................... 

!Imil.ing-edgeflap 
. . . . . . 0.902 
. . . . . . 3.726 
. . . . . . 0.0a5 
. . . . . . 4.10 
. . . . . 29O 21.5' 

Duct areas: 
Inlet throat (scaled dmm f&n Pull-scale values): 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
supersonic inlet high-speedcondltion), sqin. . . . . . . . . . . . . . . . . . . . . . 
sweracmic inlet cruise condition),sqin. . . . . . . . . . . . . . . . . . . . . . . . 

Capture (scaled down from full-scale value): 
superscmic inlet (high-speed condition), sq in. ...................... 
Supereonic inlet (cruise condition), sqin. ....................... :$z . 

Exit: 
Trane0nicin1et,sqin. .............. ..: ................ 1.507 
Supersmic inlet (high-speed condition), sq in. ............. t ....... 
Supersonic inlet (cruise condition), sq in. ....................... 
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TABIJZ II.- CONFICTJRU'IONSAND DfDEX OFBASICFICTRF$ 

Number .Description 

Control-sirface 
deflection Body WFng Inlet 

Fb3!+ 

it, en> -+, %  Aspect 
d=.!s d=g deg d=g 

Nose C=mY Afterbody ratio Modification6 Q-9= Dr00p, 
d=g Modifications 

1 ( Complete model 
2 ( 4 
3 I Cmmlete model 

1 z 1 g+;ip+r j By'ic /. Bf' 1 3.r j 

.I I 

Ny 

1 
~~~~~~ 

aA 
NOOy 

I . 

I&+.,. 

L 

26 , V IJI I+ I \L I 
27 1 Complete model ) 0 I----- 1 -- 1 

a I I , &I , ---- ( --- , 
30 ( \L 

) 
-16 ---- 

31 (Complete model less -- I--- 
--- 

) , -- 1 lwi+l*I+j 1 IX 1 

\1 
Supersonic 

(high speed) 
Supersonic 

(crybe) 

B&ic ..--w- --- 

C 
> 

_ 

\I - 
:. > 

. 

v 
.- 

ting end less 
horizontal tail 

NOB3 9 

11 El2 12 

I.3 

- - - - - - -m-m- __  - - - -  36 
------m..-w-- mm ---- 37 
------m--m- _- m-e- 38 
--_---_---_- -_ -me- 39 

BWing modification description: 
1. Symetricalbuildup on external upper mrffse of ting in region of inlet. 
2. Revi~3 fairins along leading edge Praa inlet to inboard end of lesding-edge flap (6, = -7.5'). 
3. Same a.3 modification 2 but faircd-into undrooped leading edge (6n = OO). 

bklet mcdlfication descriptim: 
1. Revised radius of upper lip ard contour of upper surface (adjacent to lip) of inlet; 8aue refsiring on external lower surface of inlet. 



1 i 

F NACA IW ~~56~12 
d u 

23 

TABLE III.- INDEXOFSUMMARYPICTS 

Description Figure 

Effect of inlet design . . . . . I. . ; . . . . . . . i . . 
Effect of inlet droop . . . . . . . i . . . . . . . . . . ;"L 
Results at trim conditions.. . . . . . . . . . . . . 
Neutral-point location . . . . 1' . . . . . . . . . . .'I : 
Rorizontal-tail effectiveness . ; . . . . . . . . . . '. . 

t; 
44 

Effectof leading-edge flaps . . . . . . . . . . . . . . . 
Effect of wing flaperon . . . . . . . . . . . . . . . . . . 2 
Effect of rudder.deflection . . . . . . I,. . . . . . . . . 
Effect of body-nose extension . . . . . . . . . . . . . . 

47 

Effect of canopy modification and M = lbump . . . . . . . 
Comparison of afterbody bumps . . . . . . . . . . . . . . 

44; 

Effect of wing-tip extensions . . . . . . . . . . . . . . 
Effect of inlet-wing fairing (wing modification 2) . . . . 

;: 

Effect of pylon stores . . . . . . . . . . . . . . . . . . 
e characteristics . . . . . . .' . . . . . . . . . . . . . 

,5i 

de/da characteristics . . . . . . .' . . . . . .' . . . . . 
54 ,' 

: 55 



/ 

1 t 
2.3377 a 

cg laulim 01 0.25 F 
Body refererce line7 7 

Figure l.- General arrangement of l/22-scale model  of Republic F-105 air- 
plane. Cpmplete model; basic body nose, canopy, and afterbody; A = 3.18; 
supersonic inlet. All d imensions are in inches except as noted. 
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Section B-B Drooped- supersonic 
inlet (cruise condition) Section A-A 

Figure 2.- Supersonic and transonic wing-root inlets on l/22-scale model  
of Republic F-105 airplane. All d imensions are in inches-except as 
noted. 
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Figure 3.-’ Dimension& of duct exit for various inlets and of sting cross 
section at end of body. All d imensions are in inches except as noted. 
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Figure 4.- Dimensions of wing leading-edge flaps and wing trailing-edge 
flaperon on l/22-scale model of Republic F-105 airplane; A = 3.18. 
Al.1 dimensions are in inches. 
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Figure 5.- Dimensions and location of '&50-gallon (full-scale value) tanks 
mounted on,inboard wing pylons on l/22-.scale model  of Republic F-105 
airplane. All d imensions are in inches except as noted. 
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Figure 6.- Longitudinal distribution of normal cross-sectional area of 
l/22-scale model  of Republic F-105 airplane, and various body modifi- 
cations for imprbving the area distribution. Complete model; drooped 
supersonic inlet (cruise condition). 



(b) Body modifications. All dimensions are in inches. 

Figure 6.- Continued. 
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Figure 7.- Extended wing tips and revised wing-inlet fairing (tiing modi- 
fications 2 and 3 of table II) on l/22-scale model of Republic F-105 
airplane. All dimensions are in inches. 
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Mach number, M 

Figure.8.- 
of 

Variation of Reynolds number (based on mean aerodynamic chord 
6.264 inches) with Mach number‘in tests of l/22-scale model of 

Republic F-105 airplane in Langley 8-foot transonic tunnel. 
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Figure 54.- Variation of effective downwash angle with angle of attack. 
Complete model, A = 3.18, and complete model less wing. 
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Figure 54.- Concluded. 
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A.lBTRAC!T 

This paper contains longitudinal stability and control and perform- 
ance characteristics of a l/22-scale ,model of the Republic F-105 airplane 
at'Mach numbers- from 0.60 to l.Ii3. The angle-of-attack range varied from 
approximately -2O to 16' at the lowest Mach number to -2O to 9' at the . 
highest Mach number. No-serious pitch-up difficulties were evident at a 
constant Mach number. ,A.n afterbody bump markedly reduced the transonic 
drag. 
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